Two types of neonatal-to-adult fast myosin heavy chain transitions in rat hindlimb muscle fibers.
Adult fast myosin heavy chain (MHC) isoforms are accumulated in fibers of rat hindlimb skeletal muscle which initially contain neonatal MHC at birth. The specific factors controlling these transitions are not known, but in rat and mouse muscle tissue the transition between the neonatal and adult fast MHC proteins does not appear to require continuous innervation. We have reinvestigated the role of innervation in the neonatal-to-adult fast MHC protein and mRNA transitions that occur in developing rat fast-twitch muscles using immunohistochemistry and S1 nuclease mapping. We find that neonatal MHC-containing developing fibers exhibit different responses after denervation at birth regarding the disappearance of neonatal MHC and the accumulation of adult fast MHC isoforms. Immunohistochemistry shows that one fiber population loses neonatal MHC and accumulates adult fast IIB (or possibly IIX) MHC over a period of 2-3 weeks, whereas in the other population neonatal MHC does not decrease nor does the adult fast IIA isoform accumulate to high levels. The results of S1 analysis of mRNAs show that the levels of neonatal MHC mRNA do not decrease in muscles denervated at birth. We also demonstrate that in young adult rats this mRNA is reexpressed in denervated or paralyzed muscles. Since the appearance of IIB mRNA has been previously shown to be nerve-independent (S.D. Russell, N. Cambon, B. Nadal-Ginard, and R.G. Whalen, 1988, J. Biol. Chem. 263, 6370-6374), these results suggest that fibers containing neonatal MHC in rat hindlimb muscles at birth are already differentiated (i.e., preprogrammed) to accumulate either the adult fast IIA or IIB MHC isoforms and that the neonatal-to-adult MHC transitions occurring in these two fiber populations are controlled by different mechanisms.